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The aim of this study was to investigate the impact of sapropel 
of Tarosiškis Lake on wheat (Triticum aestivum L.) and barley 
(Hordeum vulgare  L.) photosynthesis parameters (the  content 
of chlorophylls and chlorophyll fluorescence). Plants were sown 
in one-litre-volume pots by 10 seeds with light loamy soil and 
grown in growth chambers. Considering sapropel composition, 
2.2, 3.1, and 4  t/ha dry sapropel concentrations were chosen 
for investigation. Sapropel-affected plants were compared with 
plants grown in unfertilized soils and soils fertilized with inor-
ganic fertilizer. On day 14 of the experiment, when the plants 
reached the two-leaves development stage (BBCH 12), chloro-
phyll fluorescence parameters of the  investigated plants were 
measured. Then the plants were grown for another four weeks 
and at the stem elongation stage (BBCH 31) chlorophyll fluo-
rescence parameters were measured repeatedly, and the content 
of chlorophylls and carotenoids were measured as well. By in-
creasing sapropel concentration in soil, the ratio Fv/Fm in wheat 
leaves increased (r = 0.97) significantly (p < 0.05) at BBCH 12 
stage, but at the  stem elongation stage the  correlation coeffi-
cient was insignificant (r = 0.97) (p > 0.05). Fv/Fm of barley fol-
lowed the same tendency. By increasing sapropel concentration, 
the PI index value also increased for wheat (r = 0.4; p > 0.05) 
and barley (r = 0.82; p < 0.05) at BBCH 12 stage, but at BBCH 
31 stage it decreased. The electron transport rate increased in 
both wheat (r = 0.82; p < 0.05) and barley (r = 0.58; p < 0.05) 
at BBCH 12 stage too. With increasing sapropel concentration 
chlorophyll a+b content in wheat (r = 0.94) and barley (r = 0.81) 
increased significantly (p < 0.05), and the changes in the content 
of carotenoids in both plant species followed the same tendency 
(r = 0.87, p < 0.05).
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INTRODUCTION

During last decades plant fertilization became 
the  main tool in increasing yield mainly for 
such species as maize, rice, wheat or barley. 
However, the use of inorganic fertilizer has re-
cently become more of a problem than a ben-
efit, because often it is related to soil acidity 
lowering, nutrient misbalance and a lower yield 
quality (UN, 2011). The most concerning thing 
is the decline of organic matter in soil when in-
organic fertilizers are used year after year with-
out giving the organic matter amount a chance 
to restore. Meanwhile, the  amount of organic 
matter is one of the  most important compo-
nents for plant growth. A  strong correlation 
was found between the amount of soil organic 
matter and the amount of organic matter which 
is returned to soil when plants are decompos-
ing (Trapani et al., 1999; Sokolov et al., 2008).

Sapropel is a sediment type rich in organic 
matter and other elements, which is naturally 
formed in ponds and lakes when water flora and 
fauna sink to the bottom and decompose. Sap-
ropel accumulates in most of the world’s fresh-
water lakes and ponds, and mainly its mass is 
accumulated in 5–6 to 10–12 m depth. Sapropel 
layer thickness can vary from 0.5 to 5–7 meters 
(Blečić et al., 2014). About 400 million tons of 
dry sapropel can be obtained from cleaning only 
Lithuanian lakes alone, and successfully used as 
an organic fertilizer in farming (Kavaliauskienė, 
2000; Staugaitis ir kt., 2011). Its composition 
contains large amounts of nitrogen, phospho-
rus and potassium as well as such elements as 
Co, Mn, Cu, B, Br, Mo and etc., 17 amino ac-
ids, vitamins, and enzymes (Agafonova  et  al. 
2015). Sapropel composition can be up to 95% 
organic matter its mass. Its usefulness as a ferti-
lizer has been proved many times (Ievina et al. 
2014). While sapropel composition contains 
lots of macro and microelements necessary for 
plants growth, its wide positive effect surpasses 
synthetic-organic fertilizers. Sapropel minerali-
sation is slow so its positive effect on soil stays 
for several years (Kavaliauskienė, 2000; Bates, 
Lynch, 2000; Fillery, 2007). Also it is known to 
strongly boost such processes as photosynthe-

sis, which is the main source of plant energy in 
whole biosphere (Lawlor, 2002). The main dif-
ference between sapropel and soil is that sapro-
pel has assimilable nitrogen (60–80%) and has 
three times less biochemically stable fractions. 
In addition, according to the  existing mutual 
connection between biologic action of humic 
acids, these fractions, has more effective simu-
lative impact on the  photosynthesis of plants 
(Sviridova, Kosulnikova, 2007).

Lots of environmental problems are being 
created because of today’s trends in fertilizer 
usage, and it is important to search for alter-
natives. Sapropel extraction could be a perfect 
and ecological solution to this problem with 
wide usage opportunities.

MATERIALS AND METHODS

Sapropel of Tarosiškis Lake was investigated in 
this experiment. The  composition of sapropel 
was investigated at the wastewater laboratory of 
UAB Vilniaus vandenys. The content of nitro-
gen in dry sapropel varied from 54.8 to 78.2 g 
N/kg sapropel. 

Sapropel was prepared according to Booth 
et al. (2007), i. e., it was frozen at –10 °C for one 
week to break its primary structure and to ease 
its mineralisation.

According to nitrogen fertilisation limits for 
organic fertilizers (including sapropel), the con-
centration of nitrogen in the soils is 170 kg N/ha 
(91/676/EEB), so in an area of one hectare 2.2–
3.1 tons of dry sapropel can be added. Evaluating 
these facts, 2.2, 3.1 and 4 t/ha dry sapropel con-
centrations were chosen in the growth substrate 
for investigation. 

During the experiment, plants were grown 
in pots, 10 seeds per pot, with light loamy soil 
mixed with needed concentration of sapropel. 
The  effect of sapropel on investigated plants 
was compared with two reference groups of 
plants grown in unfertilized soil and in soil 
with inorganic fertilizers. The  norm of inor-
ganic fertilizers NPK 14-14-14 was 400 kg/ha, 
so this amount was recalculated to the required 
growth area of the one-litre pot for fertilisation 
in this experiment.
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Plants were grown in growth chambers 
with controlled climate (photoperiod duration 
14 hours) and watered regularly.

On day 14 of the experiment, when the plants 
unfolded two leaves (BBCH  12) (Growth stage, 
2000), chlorophyll fluorescence parameters were 
measured. The plants were grown for another four 
weeks until the stem elongation stage BBCH 31 
(Growth stage, 2000), and then the content of pig-
ments and chlorophyll fluorescence parameters 
were measured once again.

Concentrations of photosynthesis pigments 
were analysed in acetone extract using a spec-
trophotometer according to Wettstein (1957).

Chlorophyll fluorescence was determined 
using Hansatech company fluorimeter, Handy 
Pea. Measurements were performed by apply-
ing special clips to healthy leaves and dark-
ening them for 15  min. Then the  measuring 
sensor was applied to the  clipper and mea-
surement was taken (Hansatech Instruments, 
2006).

The measured parameters:
Fv/Fm  –  maximum II photosystem quan-

tum efficiency rate.
PI – photosynthesis index

ETR  –  electron transport rate, calculated 
using the formula:

ETR = Fv/Fm*F*PPFD*α  (1.1)
where: ETR – the electron transport rate in quants 
per second  (q/s); Fv/Fm – maximum II photosys-
tem quantum efficiency rate; F – the coefficient for 
C3 plants (0.5); PPFD – the fluorimeter photon 
light stream in quants (1800); α – leaf absorption.

All measurements were carried out in three 
replications.

The Pearson correlation coefficient, r, and 
the  p-values were used for the  assessment of 
sapropel concentration effect on the investigat-
ed plant parameters. Student’s t test was used 
for an independent comparison of variables. All 
analyses were performed by STATISTICA and 
EXEL, and the results were expressed as mean 
values and their standard error*1.96 (SE*1.96).

RESULTS

The increase of sapropel concentration in soil 
strongly stimulated the efficiency of the II pho-
tosystem (Fv/Fm) of both investigated plants at 
the BBCH 12 development stage (Fig. 1). It was 
found that by increasing the  concentration of 

Fig. 1. Changes in wheat and barley II photosystem efficiency Fv/Fm at different sapropel con-
centrations (t/ha) at the BBCH 12 development stage (SE*1.96)
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sapropel in soil, the  Fv/Fm ratio in wheat and 
barley leaves at the  BBCH  12 stage increased 
(r = 0.97; p < 0.05; and r = 0.98; p < 0.05, respec-
tively) significantly (Fig. 1). The Fv/Fm value of 
both plants fertilized with 4  t/ha sapropel was 
higher than the value of the plants fertilized with 
a synthetic fertilizers (p > 0.05 for wheat, p < 0.05 
for barley) and control plants (both p < 0.05).

While after four weeks, at the stem elonga-
tion stage, the Fv/Fm ratio of wheat increased 
too, but statistically insignificantly (p  >  0.05) 
(Fig.  2). The  II photosystem efficiency rate of 
barley plants began to fall (r = –0.91; p > 0.05) 
by increasing sapropel concentration.

The measurements of the  photosynthesis in-
dex – PI (Fig. 3) – showed that, with increasing of 

Fig. 2. Changes in wheat and barley  II photosystem efficiency Fv/Fm at different 
sapropel concentrations (t/ha) at the BBCH 31 development stage (SE*1.96)

Fig. 3. Changes in wheat and barley photosynthesis index PI at different sapropel 
concentrations (t/ha) at the BBCH 12 development stage (SE*1.96)
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sapropel concentration in soil, the PI of wheat in-
creased (r = 0.4; p > 0.05). The largest photosyn-
thesis index was detected in the wheat fertilized 
with 4 t/ha sapropel concentration when it was 
17% higher than in control plants (p  >  0.05), 
and 14% higher than in the  plants fertilized 
with a synthetic fertilizer (p > 0.05). The PI in-
dex of barley increased r = 0.82 (p < 0.05) along 
with increasing sapropel concentration (Fig. 3). 
The largest PI was recorded for the barley fer-
tilized with 4 t/ha sapropel, but and it differed 
a little from the barley fertilized with a synthet-
ic fertilizer.

When plants reached the  stem elongation 
stage, completely opposite changes of the  PI 
(Fig.  4) were detected, i.  e., by increasing 
the sapropel concentration, the PI of wheat de-
creased (r = –0.4; p > 0.05), and the largest PI 
was measured in plants affected by the synthetic 
fertilizer when the PI was 44% (p < 0.05) higher 
than in 4 t/ha sapropel-affected plants and 21% 
(p < 0.05) higher than in the control plants. At 
the stem elongation stage the PI of barley began 
to fall r = –0.73 significantly (p < 0.05). Com-
pared to the  control plants, the  photosynthe-
sis index of 4  t/ha-affected plants was 37.4% 
(p > 0.05) lower, and compared to the plants fer-

tilized with a synthetic fertilizer 29% (p > 0.05) 
lower.

The electron transport rate (ETR) of wheat 
at the  leave development stage increased sig-
nificantly but inconsistently (r = 0.82; p < 0.05) 
(Fig. 5). The highest ETR value was detected in 
4  t/ha sapropel concentration affected plants 
when it was 2–3% higher than in the  plants 
fertilized with a  synthetic fertilizer (p  <  0.05) 
or control plants (p  <  0.05). The  ETR of bar-
ley at the BBCH 12 development stage with in-
creasing sapropel concentration also increased 
(r  =  0.58; p  <  0.05). When both investigated 
plants reached the  stem elongation stage, an 
increase in the sapropel concentration reduced 
the electron transport rate r = –0.31 (p > 0.05 
both plants) (Fig. 6).

At the end of the experiment, i. e., at the stem 
elongation stage of investigated plants the con-
tent of photosynthetic pigments was determined 
(Fig. 7, 8). The strongest correlation r = 0.94 be-
tween chlorophyll a+b concentrations in leaves 
and the sapropel concentration in soil was found 
for wheat (p < 0.05). In the wheat fertilized with 
4 t/ha sapropel the chlorophyll a+b content was 
2% (p > 0.05) higher than in the wheat fertilized 
with a synthetic fertilizer. Meanwhile, in barley 

Fig. 4. Changes in wheat and barley photosynthesis index PI at different sapropel con-
centrations (t/ha) at the BBCH 31 development stage (SE*1.96)
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Fig. 5. Changes in wheat and barley electron transport rate (ETR) at different sapropel con-
centrations (t/ha) at BBCH 12 plant development stage (SE*1.96)

Fig. 6. Changes in wheat and barley electron transport rate (ETR) at different sapropel con-
centrations (t/ha) at BBCH 31 plant development stage (SE*1.96)

the  correlation between chlorophyll a+b and 
the  sapropel concentration in soil was not as 
strong as in wheat (r = 0.81, p < 0.05).

The changes in the  content of carotenoids 
were very similar to those in the content of chlo-
rophylls a+b (Fig. 5). With increasing sapropel 
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Fig. 7. Changes in wheat and barley chlorophylls a+b content at different sapropel con-
centrations (t/ha) at BBCH 31 plant development stage (SE*1.96)

Fig. 8. Changes in wheat and barley carotenoids content at different sapropel concentra-
tions (t/ha) at BBCH 31 plant development stage (SE*1.96)

concentration in soil, the content of carotenoids 
also increased in wheat leaves (r = 0.87, p < 0.05). 
The  highest concentration of carotenoids was 
found in the  wheat fertilized with a  synthetic 
fertilizer – 10.8% more than at the highest sap-
ropel concentration. With increasing sapropel 

concentration in soil, the content of carotenoids 
in barley also increased (r = 0.87, p < 0.05). At 
3.1  t/ha sapropel concentration, the  content of 
carotenoids in wheat leaves increased by 89.6% 
more than in control plants, and at 4 t/ha sapro-
pel concentration the effect was 75.7%.
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DISCUSSION

It is known that sapropel can contain large 
amounts of nitrogen, phosphorus, manga-
nese, iron, copper, or zinc. All these elements 
are essential for plant growth and, mainly, for 
photosynthesis (Broadley et al., 2007). Cechin 
and Fumis (2004) research showed that nitro-
gen deficiency leads to a significantly lower leaf 
weight. When sapropel enriches soil with ni-
trogen, the content of nitrogen in plant leaves 
also increases (Evans, 1989). The same applies 
to phosphorus, but it is stored in roots and can 
be transferred to parts of plants it is needed 
most by demand. (Li et al., 2001; Yong-fu et al., 
2006). When a plant is low in zinc or any other 
microelement its photosynthesis rates fall. Zinc 
deficiency leads to a  carbon-anhydrase (en-
zyme in CO2 fixation) activity disruption. Zinc 
is also used in signal transfer through protein 
kinases (Ciftci-Yilmaz, Mittler, 2008; Hansch, 
Mendel, 2009). Thus fertilization with sapropel 
not only helps to remove deficiency of macro 
and micro elements for plants, but also helps to 
take care of the soil quality.

As for separate photosynthesis parameters, 
Fv/Fm is widely used to indicate the maximum 
quantum efficiency of photosystem  II. This 
parameter is widely considered to be a  sensi-
tive indication of plant photosynthetic perfor-
mance with healthy samples typically achieving 
a maximum Fv/Fm value of approx. 0.85. Val-
ues lower than this will be observed if a sam-
ple has been exposed to some type of biotic or 
abiotic stress factor, which has reduced the ca-
pacity for photochemical quenching of energy 
within PSII (Hansatech Instruments, 2006). It 
is known that Fv/Fm is relatively insensitive to 
such stress factors as drought, which can af-
fect photosynthesis (Živčak  et  al., 2014). But 
Janušauskaitė and Feizienė (2012) found that 
using the Fv/Fm ratio nitrogen deficiency can 
be noticed. Our findings also show a significant 
(p  <  0.05) correlation between nitrogen-rich 
sapropel concentration and wheat (r  =  0.97) 
and barley (r = 0.97) Fv/Fm ratio. Also it is im-
portant to notice that these changes can be due 
to many other elements, that sapropel consist.

The photosynthesis index (PI) is a good pho-
tosynthetic tissue vitality indicator. Živčák et al. 
(2014) found that the tin wheat PI correlates re-
ally well with nitrogen amount in the plant itself. 
They could not confirm that on the Fv/Fm ratio 
usage. The PI is closely related to the number of 
photosynthesis reaction centres. When a  plant 
is getting low on nitrogen the number of reac-
tion centres also decreases and the PI reacts to 
that. Similar results were found in investigating 
soy and maize (Heerden et al., 2004). Also, it was 
noticed that the PI correlates well not only low 
nitrogen amounts, but also with low chlorophyll 
levels and low biomass growth. Since nitrogen 
deficiency lowers photosynthesis efficiency (Fv/
Fm), it also lowers electron transport rates (ETR) 
in rice (Li  et  al., 2012). The  electron transport 
(ETR) can be closely related to nitrogen amount 
in plants. But it is important to notice that ni-
trogen determines not only electron transport, 
but lots of other elements and nutrients (Lam-
brev et al., 2012). In this research the same ten-
dencies were detected. When the concentrations 
of nutrients in the  soil decreased at the end of 
the experiment, all investigated parameters de-
creased too (Fig. 2, 4, 6).

Chlorophyll is especially sensitive to the chang-
es of the nitrogen amount in soil (Kopsell et al., 
2004). Fertilizing with nitrogen encourages 
the performance of the photosynthetic appara-
tus, helps to keep the chlorophyll a and b ratio 
stable, enhances growth, and slows development 
(Tranavičienė et al., 2007). Juchnevičienė et al. 
(2015) discovered that additional fertilising 
with nitrogen in late wheat development stages 
slows photosynthesis pigment degradation and 
prolongs their active photosynthesis period. In 
this way, adding nutrient and especially nitro-
gen-rich sapropel can improve most of photo-
synthesis chlorophyll content and fluorescence 
parameters in both wheat and barley at early 
stages of development.

CONCLUSIONS

Increasing sapropel concentration stimulated 
both barley and wheat photosynthesis pa-
rameters at the  early stage of development. 
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The  strongest sapropel effect was detected on 
barley Fv/Fm parameter at the  leave develop-
ment stage (r = 0.98; p < 0.05), while the effect 
on wheat was weaker (r = 0.97; p < 0.05).

The photosynthesis index also increased 
in both wheat (r  =  0.4; p  >  0.05) and barley 
(r = 0.82; p < 0.05) but only at the early stage 
of development (BBCH 12). Later, at the stem 
elongation stage sapropel effect on the  PI of 
plants was opposite.

At the BBCH 12 stage, the electron transport 
rate grew by increasing sapropel concentration 
in soil for both plants, and a stronger correla-
tion was detected for wheat (r = 0.82; p < 0.05) 
than for barley (r = 0.58; p < 0.05).

The strongest correlation r  =  0.94 between 
chlorophyll a+b content and sapropel concent-
ration was found in wheat leaves (p  <  0.05). 
Meanwhile, in barley the  correlation between 
chlorophyll a+b and sapropel concentration in 
soil was weaker (r  =  0.81, p  <  0.05). Changes 
in the content of carotenoids followed the same 
tendency as chlorophylls a+b.

In most cases, 4 t/ha sapropel concentration 
effect on barley and wheat photosynthesis pa-
rameters was greater than that of synthetic fer-
tilizers.

(The paper was presented at the  10th Interna-
tional Scientific Conference ‘The Vital Nature Sign 
2016’)
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TRITICUM AESTIVUM IR HORDEUM VUL-
GARE CHLOROFILŲ KIEKIO IR 
FLUORESCENCIJOS RODIKLIŲ POKYČIAI 
NAUDOJANT SKIRTINGĄ SAPROPELIO 
KONCENTRACIJĄ

Santrauka
Šio tyrimo tikslas yra ištirti Tarosiškio ežero 
sapropelio poveikį kviečių (Triticum aestivum  L.) 
ir miežių (Hordeum vulgare L.) fotosintezės rodik-
liams (chlorofilų kiekiui ir chlorofilų fluorescen-
cijai). Tam tikslui augalai buvo pasėti į 1  l talpos 
vegetacinius indus po 10 sėklų ir auginami fitoka-
merose. Atsižvelgiant į sapropelio sudėtį, tyrimams 
pasirinktos 2,2; 3,1 ir 4 t/ha sauso sapropelio kon-
centracijos. Sapropelio poveikis lygintas su augalais, 
augintais be trąšų ir tręštais sintetinėmis trąšomis. 
Keturioliktą eksperimento dieną, kai augalai išleido 
du lapus (BBCH 12), buvo išmatuoti chlorofilų fluo-

rescencijos rodikliai. Augalus paauginus dar 4 savai-
tes (stiebų ilgėjimo etapas BBCH 31), pakartotinai 
buvo išmatuoti chlorofilų fluorescencijos rodikliai 
ir nustatyti chlorofilų bei karotinoidų kiekiai la-
puose. Esant BBCH 12 išsivystymo etapui, didesnė 
sapropelio koncentracija dirvožemyje lėmė statistiš-
kai reikšmingą kviečių Fv  /  Fm santykio didėjimą 
(r = 0,97; p < 0,05), tačiau stiebų ilgėjimo etape šis 
didėjimas nebuvo reikšmingas (r = 0,97; p > 0,05). 
Miežių Fv  /  Fm santykio pokyčiai buvo tokie pa-
tys. Didėjant sapropelio koncentracijai, tiek kviečių 
(r = 0,4; p > 0,05), tiek miežių (r = 0,82; p < 0,05) 
PI indeksas didėjo, tačiau jis sumažėjo pasiekus 
BBCH  31 etapą. Elektronų pernaša taip pat buvo 
greitesnė tiek kviečiuose (r  =  0,82; p  <  0,05), tiek 
miežiuose (r = 0,58; p < 0,05) esant BBCH 12 išsivys-
tymo etapui. Chlorofilų a+b kiekis kviečių (r = 0,94) 
ir miežių (r  =  0,81) lapuose didėjo reikšmingai 
(p < 0,05) didėjant sapropelio kiekiui. Karotinoidų 
kiekio pokyčiai buvo tokie patys (r = 0,87; p < 0,05).

Raktažodžiai: kviečiai, miežiai, sapropelis, trą-
šos, fotosintezė, fluorescencija


